The Fast Antimicrobial Screen Test (FAST) is a simple and quick screening test developed to detect antibiotic and sulfonamide residues in food animal carcasses in slaughter establishments. This microbial inhibition test detects antimicrobials that are allowed to be used in food animals. It has the ability to detect these antimicrobials at or above the allowable limit in carcass kidney fluids in 6 h. Laboratory evaluations show that the lower limit of detection (LLD) of FAST and the Calf Antibiotic and Sulfa Test (CAST) for antibiotics tested was the same, but the LLD for sulfonamides of FAST was lower than the LLD of CAST. Compared with the Swab Test on Premises (STOP) developed in 1977, the LLD's of FAST for both antibiotics and sulfonamides were significantly better. Under field conditions, the sensitivity of FAST and CAST to antibiotic and sulfonamide residues in animal kidneys was not significantly different, but the time required by FAST was significantly lower than CAST (6 versus 18 h). Compared with the STOP, the sensitivity and the range of detection by FAST for all antimicrobials were significantly higher and the testing time was lower (18 versus 6 h).
A ntibiotics and sulfonamides are used in food-producing animals as feed additives for growth promotion and for the prevention and treatment of diseases (1) (2) (3) (4) . As a result, excessive residues of these antimicrobial chemicals may remain in the animal tissues and organs, and when consumed these tissues can affect human health adversely. Therefore, care must be exercised to ensure that such animal carcasses do not contain drug residues or their metabolites at concentrations considered unsafe for human consumption (5) (6) (7) (8) . To prevent production of food animals with concentrations of residual chemicals injurious to human health, a withdrawal time for animals exposed to antimicrobial chemical is recommended. During this period, animals exposed to antimicrobial chemicals are withheld from slaughter for the period of time established to ensure that the concentration of the chemical or its metabolite level in animals is no longer harmful to human health (5, 8) .
The responsibility for approval and regulation on antimicrobial chemicals for animal use and establishment of maximum residue limits, or the tolerance level, in animal tissues lies with the U.S. Food and Drug Administration. During the drug approval process, the withdrawal times for exposed animals are determined, based on the nature of an antimicrobial drug, its usage in animal species, and its toxicity (9) .
The U.S. Department of Agriculture (USDA) Food Safety and Inspection Service (FSIS) has regulatory authority to monitor compliance for drug residues in meat and poultry at slaughter. Any tissue containing an antimicrobial residue at or above the tolerance level in target tissues is considered a violation by FSIS and is condemned (5) (6) (7) 10) .
Since 1967 FSIS has been actively engaged in regulating meat and poultry residue compliance with the establishment and operation of the National Residue Program (5) . According to the expected use and incidence of occurrence of chemical residues in food animals, the National Residue Program devises plans for monitoring all food animal tissues by analyzing samples collected under random, surveillance, or exploratory sampling programs.
Until the development of a screening test for use at slaughter, all tissue samples were sent to the FSIS laboratory for analysis, and the disposition of the carcass was based on the sample analytical result. In 1979, FSIS developed a simple, inexpensive, reliable, overnight, in-plant screen test known as the Swab Test on Premises (STOP; 11). This test was intended to screen carcasses of all species for antimicrobial activity in tissue samples at or above tolerance levels and make more efficient use of FSIS manpower and laboratory resources. The inhibition of Bacillus subtilis ATCC 6633 on STOP plate by carcass kidney fluid indicates the presence of antimicrobial chemical in the carcass (6, 7, (11) (12) (13) . Samples from carcasses that presented no antimicrobial activity at or below the tolerance levels were immediately released. Samples from those carcasses that produced zones of inhibition on the STOP plates were suspected to contain antimicrobial residue. These carcasses were retained and samples of kidney, liver, and muscle were sent to the laboratory for analysis. Based upon the laboratory findings of antimicrobial concentration in tissues, disposition of organs and carcasses were made (5) (6) (7) 10) . The introduction of STOP in plants reduced the expenses for shipping samples and the manpower required to do so. Additionally, introduction of STOP in the field allowed reallocation of laboratory resources for analyzing confirmatory samples instead of routine and mostly negative samples. Most importantly, carcasses screened by STOP and in compliance could be released within 24 h. However, detection of sulfonamide residues in meat tissue at violation level could not be made reliably using STOP.
In the early 1980s, inspection personnel frequently reported the incidence of "green gut" in bob veal calves at slaughter (14) . (This is a condition where the stomach of the calves has green discoloration). Bob veal calves are a class of animals that are generally <3 weeks old or <150 lb in weight. This condition was attributed to the use of a bolus (containing sulfamethazine, neomycin, and a green dye) for treating diarrhea in calves. In 1984, FSIS introduced the Calf Antibiotic and Sulfonamide Test (CAST), another in-plant test to screen bob veal calves for residues of commonly used sulfonamides and antibiotics (12) . A carcass was considered to contain excessive concentrations of residual chemicals when the kidney tissue fluid produced a zone of inhibition >18 mm (length plus breadth of inhibition around a cotton swab) on a CAST plate, and as such the carcass was condemned (5-6, 13, 15-16) . The rule since then has changed, and all calf carcasses suspected of containing excessive antimicrobial residue are disposed of on the basis of confirmatory laboratory findings.
The present paper reports the development of the Fast Antimicrobial Screen Test (FAST; 17), another in-plant screening test similar to CAST and STOP but with greater ability and sensitivity to detect lower concentrations of residual agricultural antimicrobials, particularly sulfonamides present in meat and poultry in less time than the other 2 screen tests.
Experimental

Organisms
The spore suspensions of B. subtilis ATCC 6633 used in STOP screening and B. megaterium ATCC 9885 used in CAST screening were prepared according to the described procedure (18, 19) . The spore suspension of B. megaterium ATCC 9885 was also used for FAST screening test (20) .
Media and Preparation of FAST Plates
In 1 L distilled water 38.0 g Mueller-Hinton Agar (Acumedia Manufacturers, Baltimore, MD) was added. After 7.0 g dextrose and 0.028 g Bromocresol Purple were added and thoroughly mixed, the medium was sterilized for 15 min at 121°C. The medium was dispensed in 6 
Preparation of Antibiotic and Sulfonamide Standards Discs
According to the procedure described for making standard graphs, a 1000 mg/mL concentration of each test antimicrobial was prepared, first by dissolving the salt in appropriate diluents and then by diluting it in 100 mL sterile distilled water (21). Each stock solution was then further diluted to prepare (a) 2 solutions, one with a 2-fold and the other with a 4-fold increase in concentration above the established violative concentration; and (b) 3 solutions, one with a 2-fold decrease, the other with a 4-fold decrease, and the third with an 8-fold decrease below the established violative concentration for bovine kidney.
A 50 mL volume of each concentration of each antimicrobial chemical was dispensed on each 6.4 mm diameter analytical paper disc (Cat. No. 740, Schleicher & Schuell, Inc., Keene, NH 03431). After the discs were dried at 35°C for 8 h, they were stored in 20 mL screw-capped glass vials placed in desiccators kept at 4°C.
Commercially available 5 mg neomycin susceptibility discs (Difco Laboratories, Detroit, MI) were used to check the sensitivity of test organisms to antibiotics and for quality control of each batch of plates used over the entire study period.
Comparison of Lower Limit of Detection (LLD) of Screen Tests
A sterile swab was dipped in a 1´10 6 /mL suspension of B. megaterium and then pressed lightly on the neck of the vial to remove excess liquid. The swab was then used for streaking a FAST plate by the recommended procedure (17, 20) as shown in the diagram (Figure 1 ). In the same way, 2 additional FAST plates were also prepared. Similarly, 3 STOP plates were streaked with 1´10 7 /mL B. subtilis spore suspension (11, 18) , and 3 CAST plates were streaked with 1 10 7 /mL B. megaterium spore suspension (12, 19) . Three discs at the same concentration of an antimicrobial were placed, one on each of 3 FAST agar plates. Similarly, 3 discs of the same antimicrobial at the same concentration were placed on 3 STOP and 3 CAST plates. Similarly, discs of different antimicrobials at different concentrations were placed on FAST, CAST, and STOP plates. FAST and CAST plates were incubated at 44°C and were examined at 6 and at 18 h. The zones of microbial inhibition around all discs were recorded. The zones of inhibition around discs on STOP plates were recorded after 18 h of incubation at 29°C. Zones of inhibition ³8 mm in diameter were considered acceptable as evidence of a positive inhibitory end point for the antimicrobials evaluated.
Evaluation of FAST in Slaughter Establishments
To compare the efficacy of FAST against STOP and CAST for the detection of incurred antimicrobial residues, several in-plant trials were conducted (22) . FAST, CAST, and STOP plates were prepared as described earlier (Figure 1 ). Kidney and liver from 10 015 animal carcasses were sampled from 2 bob veal calf and 4 cow processing facilities. Two swabs were inserted into the kidney tissue and 2 swabs into the liver of each freshly slaughtered bob veal calf or adult bovine animal. After 30 min, 1 swab (marked A) from the bob veal calf kidney was placed on a FAST plate and the other swab on a CAST plate. Similarly, 1 swab (marked B) from liver was placed on the same FAST plate and the other swab on the same CAST plate (Figure 2 ).
Similarly, 2 swabs were inserted into the kidney and 2 into the liver tissues of an adult bovine. After 30 min, swabs from the adult bovine kidney were placed, one on a FAST plate and the other on a CAST plate. Similarly, the 2 swabs from liver were placed, one on the same FAST and the other on the same STOP plate. A neomycin (N5) 5 mg disc was placed on each plate (Figure 2 ). The FAST and CAST plates were incubated at 44°C and STOP plates at 29°C. The zones of inhibition around the cotton swabs (length plus breadth measurement) on FAST plates were recorded at 6 and 18 h; the zones of inhibition on STOP and CAST plates were recorded only at 18 h. Tissue samples that produced a zone of inhibition were shipped to the laboratory for confirmatory analysis.
Laboratory Analysis of Samples
Besides kidney and liver samples producing inhibition at slaughter houses, muscle samples from these carcasses were also sent for laboratory analysis (21 delivery of samples and unsatisfactory sample conditions, e.g., tissue temperature above 0°C, improperly packaged, and commingled tissue, some samples could not be analyzed and therefore were not included in the database.
Data Analysis
Certain conditions and assumptions were made in the analysis of the field study data. All screen tests were considered positive if the recorded zone of inhibition was >0 (equivalent to >5 mm because there was no value between 0 and 5). The laboratory confirmatory result for kidney was assumed to be the true result. The screen tests results were then compared with the true result. Table 1 shows the lowest limit of detection (LLD) by FAST at 6 h, and by CAST and STOP at 18 h for all test antimicrobials at ppm levels and the concentration of violation for these chemicals in animal tissue. The LLD values with FAST did not change appreciably after 6 h of incubation. The data show that FAST has the same limit of detection as CAST for antibiotics but has lower limits for sulfonamides. The LLD values for FAST for both antibiotic and sulfonamide groups were lower than those of the STOP. Though the LLD of FAST for the test sulfonamides was better than that of CAST or STOP, it was higher than the violative level.
Results and Discussion
Kidney was used as the target tissue in performing the CAST or the STOP test. However, liver is considered to be the best target tissue for detecting some antimicrobials. Thus, the efficiency of all screening tests was evaluated by using both kidney and liver as target tissues. Primary conclusions were based on the relative performance of each screening test compared with the true laboratory confirmed result, which was defined as detection of measurable level of residue in the kidney tissue (22) . In case of an unrecognizable bioassay pattern, the samples were analyzed chemically for sulfonamide residue.
Of 5176 bob veal calf kidney tissues tested at slaughter plants, 271 (5.2%) kidney and liver samples were found positive for antimicrobial activity either by CAST or FAST, whereas 4905 samples (94.8%) tested negative. A total of 292 samples (236 positive samples and 56 negative samples) was sent to the Beltsville Laboratory for bioassay ( Table 2 ). The negative samples were chosen on a random basis. The comparisons were made in terms of laboratory positives rather than violations and in terms of kidney disposition rather than muscle (22) .
Of 4839 adult bovine tissue samples tested with FAST and STOP, a total of 434 animals (9.0%) was found positive for antimicrobial activity either by STOP or FAST, whereas 4405 (91.0%) samples tested negative. Of these, 368 (85.5%) positive and 111 (14.5%) negative samples were assayed in the laboratory ( Table 2) . Table 3 summarizes the results of the screen tests performed in the field using kidney and liver tissue, STOP and CAST tests at 18 h, and FAST at 6 and 18 h and confirmed at the laboratory by bioassay. Based on the false-negative and false-positive rates by screen tests, corresponding specificity and sensitivity derived from Table 3 are shown in Table 4 . For the purpose of analysis, the false-negative rate for a screen test was regarded as the percentage of the true positive samples that tested negative by screen tests, i.e., the percentage of tissues containing antibiotics and/or sulfonamides that were not detected by the screen test. The sensitivity for a test was regarded as the percentage of tissues correctly identified to contain residues, i.e., sensitivity = 100% minus the false-negative rate. The false-positive rate was regarded as the percentage of the true-negative samples, which tested positive by the screen tests, i.e., the percentage of tissue not containing antibiotics and/or sulfonamides that were detected as positives. The specificity of the test was calculated as the percentage of tissues correctly identified as not containing any residues, i.e., specificity = 100% minus the false-positive rate.
Analysis of the Data
The false-negative and false-positive rates, sensitivity and specificity between FAST at 6 h and at 18 h, were not noticeably different with bob veal data ( Table 4) . With 1.9 and 4.4% of false-negative rate, respectively, for FAST and CAST at 18 h, the sensitivity for FAST and CAST were 98.1 and 95.6%, respectively. Similarly, based on the false-positive rates of FAST at 56.4% and CAST 48.1%, 43.6% specificity for FAST and 51.9% specificity for CAST was determined.
The false-negative rate for FAST was 9.7% and for STOP was 20.4% for adult bovine (Table 4) . Thus, the sensitivities for FAST and STOP were 90.3 and 79.6%, respectively. The false-positive rate of FAST was 33.2% compared with a STOP rate of 25.4%. Thus, the specificity for FAST was 66.8%, whereas for STOP was 74.6%. Compared with kidney, high false-negative rate (2.5 versus 78%) and low sensitivity rate (97.5 versus 22%) rate was observed with liver from both calves and adult cattle.
The data in Table 4 were analyzed by the chi-square test (23, 24) . A chi-square value of 2.5 (p = 0.22) was determined when the values of FAST at 6 h and CAST at 18 h for kidney samples were compared. For similar incubation time, the chi-square value for the FAST-STOP samples was 10.7 (p = 0.003). Based on these results, and assuming a conservative level of p = 0.05, the difference in the ability to detect samples that demonstrated antimicrobial activity between FAST and CAST was not significant. However, compared to STOP, the ability of FAST to detect samples with demonstrated antimicrobial activity was significantly different.
To eliminate possible public health risk from antimicrobial residues, FSIS annually analyzes thousands of meat samples to ensure that meat entering the human food chain is safe. Besides reducing enormous cost for handling and shipping samples for laboratory analysis, a good screen test allows quick release of residue-free carcasses into commerce. Considering these advantages, FSIS introduced the first in-plant microbial screen test in 1979 (11), followed by another screen test for a specific purpose (12) . The present study reports the development and evaluation of the latest screen test known as FAST (17) . The applicability of all the microbial screen tests has been favorably reviewed (25, 26) . A comparative study of FAST with STOP and CAST in detecting antimicrobial chemicals suggests that this screen test has the potential to replace the use of the other 2 tests. As such, use of FAST to replace the other 2 tests would save a substantial amount of USDA's resources and permit release of carcasses free of permissible antimicrobial drug residues in 6 h rather than in 18 h required by STOP and CAST tests.
The comparative in vitro susceptibility study suggests that the LLD of FAST for antibiotics is similar to that of CAST, but the LLD for sulfonamides is lower than that of CAST. This means that FAST can detect lower concentrations of sulfonamide residues than CAST does, which was specially developed for use in bob veal carcasses for detecting sulfa drugs. Also, the higher sensitivity of FAST to all the test antibiotics and sulfonamides suggests that FAST is a better screen test than STOP for screening adult bovine species with chemical residues. Despite the fact that FAST was more sensitive to sulfonamides than STOP and CAST, in vitro LLD of FAST for sulfonamide was higher than the violation level. Thus it would appear that even the FAST may allow false-negative animals into food chain. However, our practical experience indicates that when an edible tissue such as muscle has a concentration of sulfonamide at a violation level of 0.4 ppm, the concentration of that drug in the corresponding kidney far exceeds the 0.1 ppm violation level. In that case, kidneys from such carcasses would produce a distinct and detectable zone of inhibition on FAST plate. As a result, the carcasses would be easily identified and retained for laboratory testing. Additionally, it is our experience that bob veal calves are often exposed to combination therapy such as treatment with sulfonamide and antibiotics. Thus, samples from calves treated with both drugs are easily detected by FAST and confirmed by bioassay for antibiotics and later analyzed for sulfonamides by gas liquid chromatography and confirmed by mass spectroscopy.
The field study data for identifying positive tissues by both FAST and CAST indicate that FAST performance is equal to that of CAST (p = 0.22). However, level of sensitivity for antibiotics remaining the same, result attainable by FAST in 6 h is an added advantage over CAST, which takes 18-24 h to complete. Thus, FAST can provide results within 1 work shift period, avoiding unnecessary holding of residue-free carcasses. Although both FAST and CAST have similar characteristics, the study shows that FAST is slightly better in its ability to detect true positives.
The analysis of field study data indicates that the difference between FAST and STOP field data is more apparent (p = 0.003). The difference indicates that FAST is significantly better at detecting positives for antibiotics than STOP and especially better in detecting sulfonamide residues. The detection of sulfonamides by FAST therefore becomes important compared to the performance by STOP.
Based on the ability to detect positives in both CAST and FAST plants, the study supported the use of FAST (22) . Although there was a corresponding increase in the number of false-positives, it was not a large increase. The relative importance of these 2 measures, namely false-positive and false-negative rates, for data analysis was chosen keeping in mind the disposition of animals with or without residues. The consequence of a false negative is that an animal with residue may enter the food chain, whereas the consequence of a false positive is an unnecessary addition to the laboratory and inspector workload. The false-negative rate by FAST and CAST and the bioassay of the negative samples clearly indicate that both tests will not release more than 4.4% carcass kidneys with residue concentration less than the violation level. When considering false-positive rates for a screen test, however, the possibility exists that the screen test may be detecting antimicrobial residues that are beyond the scope of the existing laboratory confirmation tests. Additionally, some of the positives may have been due to anti-inflammatory drugs, steroids, or recently introduced compounds that were not specifically considered when the bioassay was developed.
This study supports the use of FAST as judged by the ability to detect more positives samples than by CAST and STOP screening tests. Also, FAST can be used reliably for screening bob veal carcasses for the presence of sulfonamide residues instead of CAST and for testing cattle for antibiotic and sulfonamide residues instead of STOP. An additional advantage of FAST over CAST and STOP is the change of color of the test plate. A FAST plate is purple, but upon incubation the test microorganisms use sugar in the medium and acid is produced. With acid production, the color of plate changes from purple to yellow, except around those discs or swabs that contain antimicrobials. The area remaining purple indicates that microbial growth and the production of acid in that area was inhibited by antimicrobials diffused from the disc or swab.
Because of better sensitivity and shorter analytical time, FAST in conjunction with STOP was successfully used for testing 99 015 culled dairy cattle in 1994 and 1995. With the promising test results with FAST, the use of FAST increased and the use of STOP and CAST since then has decreased (Figure 3) . The trend in the rate of violations in cattle screened with FAST during 1994 to 1998 was found to be similar to the violations detected by CAST but was higher than the detection rate found in those animals tested with STOP (27) . This indicates that FAST performed as well as CAST in bob veal calves and better than STOP in adult cattle; however, the in vitro results indicate that FAST is not quite sensitive enough to detect sulfa drugs at violative levels. It is likely that the performance of FAST with further manipulation may improve, although it might vary among species. Therefore, the efficacy of FAST should be evaluated by field trials in swine, horses, sheep/lambs, and goats, before any changes are made in the testing programs for these species.
